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A s e a r c h  £or varia t ions  i.n the optical. pulses  f rom N P  0532 in  the C r a b  

Nebula - the only known spticaE pulsar  - is prompted by the l a r g e  and e r -  

ratic var ia t ions  observed in  the intensify of i t s  rad io  pulses ,  (Cralnam, 

Lyne, and Smi th  1970; Heiles, Campbell, and Rankin 1970; Staelin and 

Sutton 1970) and i n  the s e v e r a l  types oB i r r e g u l a r i t i e s  found i n  those sf  

other pu lsa rs ;  Since our understanding of the optical  emi s s ion  mechanism 

of NP 0532 is, if anything, even m o r e  speculat ive  than that  of its r ad io  

emis s ion ,  the detect ion of such var ia t ions  is potential ly of considerable  

i n t e r e s t ,  and should be pussued not only on the t ime  s c a l e  of mi l l i seconds ,  
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but on much sfaorter and longer  s c a l e s  a s  well. With modern  photoelectric 

and digi ta l  techniques it is possible t o  d o  this all th.e way f r o m  the s c a l e  of 

seconds OP minutes  asseaciatad witpi c o n v e n ~ o n a l  photometry to  nanoseconds. 

Some li-.nits have a l r eady  been s e t  on optical  pulse variation, but the 

da ta  is f ragmentary ,  and accasicanallqr contradic to~y.  Various au thc~rs ,  o a r -  

selves included, have shown that no ex t r eme  f l a c t u a t i ~ n a  occur  i n  the pulsar  

light on the scale of nanoseconds o r  microseconds  (Duthie et. al, 1969; 

Anderson,  Crawf o rd ,  and Cudaback 1969; &gelman and Sobieski 1969; Hegyi, 

Novick, and Thaddeus 1969; Je l ley  and Willstrop 1969); observat ions  f o r  the 

most part ,  however ,  we re  -made with s m a l l  te lescopes,  and as the following 

discussion will show, this seve re ly  limits the sensi t ivi ty  that  can be attained 

on a v e r y  s h o r t  t ime  sca le .  The possible exis tence on a scale of mi l l i sec-  

onds o r  a f rac t ion  thereof of optical  analogues to the "marching s u b p u ~ s e s r t  

observed i n  several pulsars  ( D r a k e  a ~ d  G r a f t  1968, Sutton et. al. 1910) o r  

the "giant1' rad io  pulses s f  NP 0552  itself has received l i t t le  discussion;  

presumably rather restrictive limits to such s t ruc tu re  could be ex t rac ted  

f rom the. large exis t ing body af optical t iming and polarization observa-  

tions. Final ly ,  ol.- a scale of minutes  r a t h e r  extreme gi.rariations i x l  the 

optical inte~sity of a given component of polarization have been repor ted ,  

( F r e e m a n  et, al, 1969; Cacke, Bisney, and Gehre ls  1969)  but  there now 

s e e m s  to be widespread agreement among observers that  this effect  is 

spur ious  (cf, Goeke et. ale  Ii9"a), 
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with a large reflecting telescope only 10-50 photoelectrons are received 

o v e r  the 3 3  millisecond period of N P  61532, and it is no t  possible from the 

record of individual pulses to  determine the i r  shape  to any  g rea t  precis ion,  

The usua l  way to  s tudy the s t ruc tu re  in grea t e r  detai l  is to  coherent ly  add 

together  in a mule;ichanne% record ing  in s t rumen t  the photoelectric counts re- 

ceived f r o m  many thousands of pulses;  but  this technique cannot dist inguish 

between the c a s e  where  ail pulses a r e  identical ,  and the m o r e  general. s i tua-  

tion where  the intensity of individual pulses I(tj, is a random variablle whose 

mean value (I($)), as a f u n c ~ o n  of phase $, is the quantity observed. 

To decide between these al ternat ives  i t  is n e c e s s a r y  to observe  kaigher 

moments  of the probability dis t r ibut ions  which define a random p roces s ,  Here  

we will  de sc r ibe  observat ions  of the mean intensity,  the m e a n  square of the 

intensity,  and the mean autocorreLatiorr function of the pu lsar  Light which 

we have made  wi th  the 8% and 10% inch te lescopes a t  McDonald Qbserva.tory, 

F r o m  in te rcompar i son  of these  quanti t ies it i s  found that l i t t le  i f  any r a n -  

d o m  varia t ion i n  the pulse s t ruc tu re  ex is t s ,  or in  o ther  words 

tha t  the inciividual optical  pulses of NP 0 5 3 2  appear  t o  be identical ,  one to 



a n o ~ e r .  L imi t s  are a l e s  imposed a n  gradual  s e c u l a r  var ia t ion of the 

in tensi ty  of the optical  pulsar ,  bu t  these r e su l t s  are riot as sens i t ive  

as  those w E c h  can b e  obtained by s tandard photometry* 

A few e l emen ta ry  quantitative considerations' w i l  make  the&@ points 

more prec ise ,  and wil l  indicate  the way in  w E e h  the data  h a s  been analyzed, 

Let WI(I, t) and WZ(I1. IZB t2) be the f i r s t  and second probabili ty d i s t r ibu-  

t ions which desc r ibe  the postulated random intensity. These a r e  defined i n  

the  usua l  way such  tha t  W1(I, t)dI is the p robab i l i q  of finding the intensity 

between I and I t d I  a t  t ime  t, and WZ(I1, tl, IZ, t2)d11dIZ is the joint probabil-  

i t y  of finding a pa i r  of values  of I i n  the r anges  I Il+dIl and 12, IZSdIZ a t  the 

respec t ive  t imes  t l  and t2. In the subsequent  d i scuss ion  it will  b e  assumed 

that these two dis t r ibut ion functions are per iodic  with the pulsar  period s f  

33 mill iseconds,  s o  tha t  the pulsar  phase @, r a t h e r  than t, becomas  the ap- 

propr ia te  independent var iab le ,  The quantit ies which a r e  yielded by the ob- 

se rva t ions  descr ibed below are  the f i r s t  and second moments  of the f i r s t  

probabil i ty dis t r ibut ion i. e. , the mean  intensi ty  

and the mean  intensi ty  squared  



and i n  addition the mean autocorrelation function, which i n  terms of the 

second probability distr ibufion we def ine  to be 

where T M 33 ms is the pulsar period, 

2 It ROW follows direct ly from considerat ion of the va r i ance  ((1-41)) ) 

tha t  

the equal i ty  holding when all pulses are identical ,  This is the fundamental  

condition an  which QUP" most sensitive search for  plalse variations will  be 

based, the  results applying "i time scales from roughly microseconds  t o  

tons  of minutes. Er%ormation on the pulse structure on the scale of nano- 

seconds  will  be provided by m e a s u r e m e n t  of G(r), w'hich i n  the lin3j.t of 

identical pulses  and 4'-a seduces to 

T 



II. APPARATUS 

a) F o r  cornparis on. of (13 with W2 

A schematic illustration of the apparatus i n  the "intensity squarH*J 

is given i n  Figure 1. Light f rom an aperture in the focal plane of the . . 

scope was split  into two beams of approximately equal intensity by front8anrw- 

face reflection f rom an aluminized right-angle prism, The beams were '&hen 

detected by two fas t  Amperex 56DVP photomultipliers located 50 inches aFrt 

i n  order  to reduce fas t  (nanosecond ) cosmic ray  coincidences 'to a negligible 

level. Each tube was followed by conventional stages of amplification and 

dis crimination, but the dis criminators were turned off for  10 microseconds 

following each photoelectron pulse by a "deadtime" circuit to eliminate the 

effects of phototube afterpulsing. The total nuniber of counts received in  

each channel during an observing run was recorded by the scaler6 which, i a  

Figure 1, a r e  shown adjacen't to the discriminators. 

Following discrimination pulses f rom phototube 1 triggered a single 

pulse generator ("one-shotu) which in turn opened a coincidence gate for a 

predetermined length of time AT. Pulses f rom tube 2 which passed through 

the gate were then stored in a 511 channel multichannel scaler  wUch was 

synchronized to the pulsar frequency. All pulses from tube 2, whether they 

passed through the gate o r  not, were stored in  a second multichannel scaler  

also. driven synchronous with the pulsar, 
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The time b a s e  f o r  both multichannel s c a l e r s  was provided by the appa- 

r a t u s  shown i n  the lower  r igh t  hand c o r n e r  of F igu re  1. A frequency synthe-  

sizer s tabi l ized b y  the rubidium frequency s tandard a t  McDonald Observatory 

was manual ly  adjusted a t  about 5 minute in te rva ls  t o  p rec i se ly  5 11,000 times 

the calculated3 pulsar  frequency, Division by 1000 then provided a sequence 

* Based on measu remen t s  of the N P  0532 f requency and i t s  t ime  der ivat ives  

made b y  I3 oynton, Groth,  P a r t r i d g e  and Wilkins on. (1969). 

of t iming pulses  which advanced the multichannel s c a l e r s  f r o m  one channel 

t o  the  next. I t  is believed tha t  phase sl ippage du r ing the  longest  observa-  

t ions (̂ I I hour)  amounted to  only a f rac t ion  of a channel. 

To understand the e s sen t i a l  operat ion of the device it is b e s t  t o  con- 

s i d e r  only low light intensi t ies ,  such that  the probabili t ies S A T  and s A ' f D  of 

counts a r r iv ing  within the deadt ime ATD = l o u s ,  and the coincidence gate 

resolut ion t ime AT, a r e  infinitesimal.  In fact ,  these  probabili t ies while 

always s m a l l ,  we re  not always negligibly so, and i t  was n e c e s s a r y  to  make 

2 s m a l l  cor rec t ions  t o  the recorded  counts i n  o r d e r  t o  compare  (I) with 

2 < I . F o r  the s a k e  of b rev i ty  the detai ls  of these  co r r ec t ions  will  be omit-  

ted f r o m  the following discussion.  

Suppose now tha t  s l ( t )d t  = alI( t )dt  and s2( t )d t  = a21(t)dt a r e  the proba- 

bi l i t ies ,  i n  channels 1 and 2 respect ively,  of the a r r i v a l  of a photoelectron 

count i n  the i n t e rva l  between t and t + dt, These  probabiii t ies,  although 

comparable ,  a r e  not p rec i se ly  equal,  because  of the differences  i n  the photo- 

tube efficiencies and inaccu racy  i n  spl i t t ing the optical  beam;  we will  only 



assume that their  ratio,  and hence the ra t io  of a1 t o  a2, is constant over an 

observing run. The probability .c(t)dt of a pulse passing through the coinci- 

dence gate during the interval  t, t+dt is then s2( t )d t  t imes the probability Po 

that  the gate is open, which in turn is 

It is now desirable to  ei ther  assume that I(t), and hence s l(t), possess no 

s t ruc ture  on a sca le  f iner  than AT, o r  bet ter  still, to redefine I(t) to be the 

instantaneous intensity averaged over a t ime of o rde r  AT, s o  that equation 

(6) simplifies to 

Po(t) = s 1  AT, 

and consequently 

2 
c( t )  = l ( t )s2(t)A~ = alQ 871 (t) 

2 The number of counts Ci stored i n  the i ' th channel of the (I ) multi- 

channel s c a l e r  is then simply c( t )  integrated over  the channel width 

A\=  TIN^, (where Nc = 511 is the total number of channels,) and summed 

over  a l l  the NP 0532 pulses in  the observing run of duration TI. The r e -  

su l t  is 

2 
a2 N1 AT Tr  

Ci ' N2Nc < I ~ ( Q ~ ) >  1 

where N1 and NZ a r e  the total  counts recorded by  the two sca le r s ,  and it 

has been assumed that al/a2 = N1 1 3 ,  a relation which neglects phototube 



d a r k  counts, which w e r e  v e r y  low i n  the phototubes used. Similar ly ,  the 

number  of counts stored in the' ilth channel of the (I} multichannel scaler 

is found t o  b e  

Thus f r o m  equations (9) and (10) we see tha t  the fundamental  condi- 

tion ( I ~ ( # ) } ~ o ( @ ) } ~  is equivalent to 

Since all the quanti t ies occuring in.equation (11) a r e  wel l  defined, being 

e i t h e r  p a r a m e t e r s  of the appara tus  (AT,  NC)* or numbers  furnished by the 

counters  (Cis Si, N1, NZ)* analysis  of the da ta  is s t ra ightforward.  



b) Far Comparison af G(T)  with @_ 

The confi,wration sf the apparatus i n  thz mode used  tar de te rmine  the 

""mean autocor re la t ion  func"kicpnH GET) has been p r e ~ o u r j l y  descr ibed  (Hegyi,  

N o ~ c k ,  and Thaddeus 1969). In this mode the coincidence gate shown in  

F i g u r e  1 is repla.ced by a time -@u-a-mp8itude conve r t e r  { TAG ), w E c h  is 

s t a r t e d  by photoelectr ic  counts Prom p h ~ t o t u b e  l and stopped b y  counts f r o m  

phototube 2 which have bean delayed -* 30 ns b y  a length. of l ine ,  The TAG pro-  

v ides  a n  output pulse whose height  i s  propsrtj;onal t o  the t h e  elapsed be- 

tween the a r r i v a l  of the s t a r t  and the a r r i v a l  of the s top  counts,  but  only 

i f  it is stopped be fo re  reach ing  the end of i t s  range ;  if i t  r uns  off range  no 

output pulse is produced. Nominal ranges  of 100 ns ,  300 ns ,  1 ps,  , . . , 
30 p s  a r e  provided. 

It is now e a s y  to  see that  pulse height  ana lys i s  of the TAG output 

yie lds  essen t ia l ly  C(r). The p r o b b i E t y  i n  the time in t e rva l  t, tSdt of re- 

ceiving an  output pulse from the TAC corresponding to a time de l ay  i n  the 

r ange  T ,  TSRT is sl (t-T)s2(t)dtdr = al ai! b(t-T) K(t) d t d ~ .  Hence the to ta l  

number  of counts C. received i n  "ihe delay range  r, T+AT o v e r  a run  of dura- 
9 

tion Tr ,  and s t o r e d  in the i ' th channel of the pulse height ana lyse r ,  i s  

Since the ave rage  over  many per iods  of NP0532, indicated by the ('2 i n  

equation (12), must, by the hypothesis that the  distribution func"cions are 



periodic  with  the pulsar ,  yield the same r e s u l t  as the ensemble  average  

of equation (3),  equation (12) becomes  

Gi = ala2 T, AT G(T) 

If again N1 and N2 are the tota l  counts recorded dur ing  a r u n  by the 

two s c a l e r s ,  and the S. are the tota l  number  of counts recorded  i n  the i ' t h  
1 

channel of the (I) multichannel r e c o r d e r  shown i n  F i g u r e  1 (there is of cou r se  

2 no  (I ) a n a l y s e r  i n  this mode  of operation),  then b y  equation (10) the limit 

G(T) = Go [equation (511. is equivalent to 

N1 N2 AT< 
Ci = 

T r 
(14) 

where  the enhancement  f ac to r  5, which is unity f o r  s teady  light, is defined 

All the t e r m s  appear ing  i n  equation (14) are well  defined experimental ly ,  

so that  ana lys i s  of the da ta  simply cons is t s  i n  compar ing  the le f t  with the 

r ight  hand s ide  of the equation. <should r ema in  constant  under  i dea l  ob- 

s e r v i n g  conditions f o r  a given ape r tu re ;  it was found to change slowly by 

up  to a fac to r  of two i n  the cour se  of a night dur ing our  observing period 

because  of a vary ing  haze l a y e r  which, b y  sca t t e r ing  moonlight, enhanced 

the background l ight relative t o  tha t  of the pulsar .  Unfortunately, f o r  these 

observati~ns, only a s ingle  mult ichannel  i n s t rumen t  was available (Nor the rn  

Scientific NS-550 "Digital Memory  Oscilloscope"), and this  did double 
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service as both a multichannel sealer and pulse laeight araalyser, It was 

therefore not possi'ole to determine Ci and 5 simultaneously, as wonid 

have been msst  desirable; i n s t e a d  the Si and hence 5 w e r e  determined by 

a brief ( 5  OF 10 min)  intensi ty  run just before and, when possible, im-  

mediately after the generally longer observation of the Cia 



1x1. RESULTS 

O b s e r v a ~ o n s  of the mean  intensi ty  squared  of N P  0532 were   made at 

the Casseg ra in  focus of the 82 inch te lescope on the nights of F e b r u a r y  13, 

14, and 15, 1970 UT.  The moan passed  near the C r a b  Nebula toward the 

end of this, period,  and the observations were occasionally interrupted by 

clouds,  bu t  useful  data  was obtained on a l l  th ree  nights. 

A typical  observat ion las ted f r o m  5 min to  one hour .  In o r d e r  t o  ex -  

clude sca t t e r ed  moonlight and background nebular  light, observat ions  were  

made  with the s m a l l e s t  a p e r t u r e  that  the see ing  allowed; on a Pew excep-  

t ional occasions a 3.5" a p e r t u r e  was t r ied with s o m e  succes s ,  bu t  

genera l ly  a 4" one was the s m a l l e s t  used under  good see ing  conditions. 

-Since s low modulation of the pulsar  light, owing f o r  example  to  guiding 

i r r egu la r i t i e s  o r  clouds,  can  be  a s  effective as s h o r t  t e r m  f l u c t ~ ~ a t i o n s  i n  

2 enhancing < I  ) with r e s p e c t  t o  the mean  counting r a t e  ( t ime  average  

about  L see) of one of the phototubes wa.s continuously monitored by a c h a r t  

r eco rde r .  Xn this way i t  was established f o r  the b e s t  r u n s  that  long tern? 

2 a h o s p b e r i c  or  guiding effects probably caused an  enhancement  of ( I  ) of 

less than one per cent, and can  therefore  be safely  neglected i n  the da ta  

analysis.  Observation of field stars confirmed this conclusion,  and showed 

that  short t e r m  see ing  fluctuations w e r e  negligible a s  well. 

The r e su l t s  of a good (but sho r t )  observation,  a 5 min  r u n  s tar t ing a t  

3:39 Feb. 13, 1970 UT, f o r  which the coincidence gate resolut ion AT was 



3 G  us, are given i n  F igu re  2; i n  the uni ts  of equation ( 1 1 )  the l i gh t ly  plotted 

2 
.tine is 4 3. ), and the heavily plotted one is ( 1 )  2 a  Datz Irom only about 3070 

sf the instsurnentsl channels - -  corresponding to the 30% 01 the N P  0532 perio 

c e n t e r e d  OP: the main pulse - -  is shown In the Figure;  the omitted data shows 

comparable noise and ag reemen t  of the two curves fo r  the in te rpu lse .  

Neither in Figure  2 nor i n  any other observation a t  w h a t e v e r  AT was 

2 2 any overa l l  enhance.ment of d i  ) with r e spec t  to (1) discernable. But the 

question remains .  as to whether the a c t u a l  complexion of the no i se  i n  ( I ~ )  

can be attr ibuted to purely s ta t i s t i ca l  f luc tuat ions  i n  the ntlmber cf received 

pho toe lec t rons ,  o r  whether s t ruc ture  is present  which might r e s u l t  f rom 

phase -dependen t  rapid f lue taa t ion  i n  the p u l s a r  light. F o r  many r u n s  

there was a tempta t ion  f o r  the  eye "i pick o ~ t  s t r u c t u r e  on the leading edge 

of the main pulse, but it has been carrcluded tha t  the noise is always of a pure1 

statist.icak or igin ,  s ince l e  wzs found that the records  i n  ques t ion  ccrulc! never 

be distinguished with a n y  confidence from f ic t i t ious  cries **hose noise  gene-  

Monte Carlo technique sn a digitial, compateer, Also ,  none of the suppssed 

s t r u c t u r e  r e r n a i ~ e c l  when the best ~bservat ions  taken at a given G r  w e r e  

added together c o h e r e n t l y  i n  pu lsar  phase*. 

* Absolute phase was not  rnaintairied EraL% one r u n  to the next by the appa- 

ratus shown i n  F i g a r e  1, b u t  i t  proved possible to r econs t ruc t  it to an 

accu racy  of abou t  one-thArd of a channe l  - -  c o r r e s p o n d i n g  to ZB micro- 

s e c o n d s  - -  by cross c o r r e l a t i e t ~  of dif ferent  rans over the main pulse. 



This is B ~ Q W X I  i n  F i g u r e s  3 and 4, which a r e  the result of synthe- 

s iz ing the beet observations taken at AT = 30 and 3 ys, respectively, and 

2 where U - e  excellent agreement of (I ) with (1)' is rnaxifest. When the 

counts due to background a re  subtracted off, the limits -ji;E5ch these obser- 

vations provide on the intrinsic enhancement factor 5 = (i:)/(I)' of the pul- 

P-7 aar Eight are then summarized  i n  Table I, lkese limits pertain to the 211 

-- 
Total obs, AT A@ F 

bservations ti,me (mini (ys)  fps) i 
1 

1356 < I, 04 i E 

TABLE I. Upper  limits t o  the enhancement factor. 

channels centered an the peak oi the main N P  0 5 3 2  pulse; the f i r s t  e n t r y  

f dQ) = 65 p s )  fo r  each A?- i s  the rnaximsirn va lue  cf 5 permitted fo r  any chan- 

ne l  within this racge; the s e c o n d  ~ s s u l t s  when all  cli?;armnels a r e  s u m z e d  

together,  and  treated as  a s i n g i e  chzn~el of v ~ i d t i ~  A@ = 1356 ps. Xatura l ly ,  

somewhat less co~s t r l c t i ve  l imits  than thasg l i s t ed  i n  the table apply  to the 

wings of the main p u l s e  or the in te rpu lse  of NP 0 5 3 2 ,  

It is now of interest  to b ~ i e f l y  c a n s i d e r  the r e s t r i c t i ~ n s  on spec i f i .~  

kinds of pulse variation s e t  by the data i n  Table 1. 



Sl~w secular variation. Suppose that the intensity of the pulsar varis~ 

linearly wi&  me during the course of an observation, If the totali change? 

in intensity is a fraction f of the mean, then one readily calculates &a.t 

5 = (l+f2/12). The most restrictive Emit in Table I, 5 < l. 02, then implies 

ail& f .e 0 , 3 3 ,  which is eguiasalet~t to a ehanga i n  intensity of 8,44 mag, It 

2 is evident from fhis that a cornparisor. of (1 )with ( I ) ~  is not as sensitive 

as ccsnventi..r=tnal photometry in detecting Pluctuations of this kind, 

Sudden enhancement or "gianti' pulses, Suppose that one sr more pulses, .,. - 
comprising a small fraction g of the total number, are more intense khan 

the rest by a factor F. As long as F is less than about 20 (see bel/~w), the 

enhancement factor is 

= l+Fg  2 Cjb) 

Thus the limit 5 = 1. OF implies that for g equal to 10''~ 1 1 ) - ~ ,  a n d  

-4 10 , I? isp respectively, less than O. 5 ,  1,4, 5, and 14, These figures 

clearly show that the present technique has a real edge over conventional 

photometry in the cletection of fluctuations of this kind, since a 14-fold in- 

crease in the intensity of a. single pulse would, for example, produce only 

a 0.05 magnitude increase in the mean intensity of P6P 0532 for  photometric 

observation over an intaryral as short  as 10 ssc, 

For '!giantu pulses, with F much greater than 20, the instrument sat- 

urates, either because of the 10 p s  deadtime or the coincidence gate 

resolution time AT, whichever is greater: a maximum of AT lArDme6 counts 
e 

2 per cbanslel in the (1 ) multichannel caunter will result from a very intense 

pulse, and the Eirnits which can be set on i d r e q u e n t  giant pulses are there- 

fore not as restrictive as equa~an (16) would indicate. 



R e b e r r ~ i n g  to, the counts shown i n  Figure 4, we now note that two sack 

g i a ~ t  pulses Q C C U X L ~ ~ ~  E3~rin.g the course  of Ere AT =: 3 ps observations would 

have produced an enhancement factor  of (250 3- 1 2 ) / 2 5 0  = I, 0 5 ,  greater,  

according t o  Table I, than the upper l imit of 1.04 obtained from t%e twenty- 

one channels centered on the pu lsa r  m a i n  peak, and therefore rnarginalSlr 

detectable, i t  is this possiSPe to conclude  that giant  optical pulses (if  of 

the same vlridth as the astial ones)  s c c ~ r e d  a t  a rate of less than about 2/hr 

d u r i n g  the period of our  observat ions ,  

Marching subpulses.  The tiamits just  se t  on sudden enhancement of entire  

pulses apply to m a r c h i n g  subpulses  as well ,  if g now denotes the ratio of 

the subpulse  l eng th  to the subpulse  repe t i t ion  pe r iod  (i* e. g is the Bunctian 

af the time that the subpulse  is on), 



Ib) G(T) vs.  G, - 

Observat ions  of 6 6 ~ )  w e r e  made a t  the Casseg ra in  focus of the ,107 

inch te lescope ogpl the nights of December  12, 13, and 14, 1969 UT, for' the 

m o a t  p a r t  under  photometr ic  sky conditions with see ing  i n  the range 1--2''e 

Figure 5a shows the reaulit 0f 8 55 min o b s e r ~ ~ a t i o n  begun a t  8 : a  U'P" on. 

Dec 14, with a dit aperture and the t ime-to-amplitude conver te r  set  an a 

fu l l  r ange  of .- 100 ns ,  Counts Have been summed over  success ive  blocs  of 

20 channels of the pulse height ana lyse r  to  reduce s t a t i s t i ca l  fluctuatians. 

The  enhancement  f ac to r  5" used ts calculate G via equations (14) and (15) 
o 

was derived from a 5 min  determinat ion of (1) taken immediately  before  

the run ;  because  af the s m a l l  ape r tu re ,  the good seeing,  and the absence  

of moonlight, the background coearrts were low, and t;he resul t ing enbanee- 

men t  f ac to r  5 = 2. 10, was about as l a rge  a s  was e v e r  obtained. Canse-  

quently, m o s t  of the counts contributing to  C(7) i n  F igu re  5a come f r o m  

the pulsar itself and not the background, 

Figures 5b and 5e are  s i m i l a r l y  the result of observing runs taken 

again with a 4" a p e r t u r e  and wi th  the TAG an nominal full ranges of, res- 

pectively, 3 p s  and 30 ps, The 3 ys ful l - range observat ions  began a t  7:30 

UT, Dec 14, 1969 and  las ted 30 min; the counts as  before have been summed 

ove r  many channels - %O i n  this c a s e  - t o  seduce  s ta t i sGcal  fluctuations. 

The 30 ys ful l - range observat ions  began a t  9:5P UT, Dec 14, and las ted 50 

rnin; t he re  has been no a t t empt  t o  reduce  s t a t i s t i ca l  f luctuations a t  the ex-  

pense of resolut ion in  de lay  time. "r counts received i n  each chann,el of the 

pulse height ana lyse r  a re  shown, 



The most irnpostast conclus ion wkiich we d r a w  froL% Figure  5 

and s i m i l a r  data is that G(T) is essen t ia l ly  Plat over the interval of delay 

times T fro-m about I. ns k s  30 ys, and that therefcre  !itale i f  any varia t ion 

i n  the pulsar  light occurs on a time scale too short to have been de tec ted  

by the observations descriloed i n  Section ILLa. FIuctuatLons on a much longer 

time scale will  of ccurse cnhasce C(g;) aver Go in the way that they enhance 

2 
( I  ) with respect to ( I ) ~ ~  bu t  the data at hand a d d s  nothing i n  this respect 

to the limits set  i n  Section IlIa - entirely owing to the uncertairrty of 

roughly 10y0 i n t roduced  into the determinatian of S b y  the sequential oh- 

servation of the C; and Si, T o  within this uncertainty, as F i g u r e  5 shows, 

G(T) and Go are i n  good agreement.  
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FIGURE CAPTIONS 

1) Schemat ic  d i a g r a m  of the appara tus .  

2 2 2) Compar i son  of (I ) with (I) , - a s ingle  5 m i n  observation,  Onily 

the ma in  N P  0532 pulse i s  shown. 

3)  Synthesis  of A T  = 30 p s  oi=servations. Here ,  as in  F igs .  2 and 4, the 

two cu rves  have not been f i t  bu t  r e s u l t  frobin zna lys i s  of wholly inde- 

pendent da ta ,  

4 )  Synthesis  of l i ~  = 3 p s  observat ions .  

5) Compar i son  of G ( T )  with Go, f o r  t h r ee  ranges  of the t ime-to-ampli tude 

conver te r .  
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